Background: We conducted a cross-sectional study of primary total joint replacement (TJR) patients to determine predictors for prolonged length of stay (LOS) in hospital to identify patient characteristics that may inform resource allocation, accounting for patient complexity.
T he demand for total joint replacement (TJR) surgery is steadily increasing. 1 In 2010-11, a total of 93 446 hip and knee replacements were performed in Canada, representing a 10-year increase of 118% (from 42 917 in 2000-01). 2, 3 Despite ample support for TJR being a costeffective intervention, [4] [5] [6] the large burden of care and the measurable costs associated with joint replacement surgery has led payers (Medicare and Medicaid in the United States) to target this procedure for cost containment. 7 Canadian government health care agencies have targeted this surgery as one of the first to be funded outside the global hospital budget as a quality-based procedure (QBP). 8 Owing to the recently reduced funding allocation per total joint procedure in Ontario, Canada, administrators and physicians have had to explore creative ways to continue to provide improved patient care at a lower cost. Standardization of materials and implants has been one method of reducing cost that many centres have used. Reducing length of stay (LOS) in hospital is the other primary method being targeted to reduce costs. The current benchmark in Ontario is a mean LOS of 4 days, and some centres have reduced the LOS to 2-3 days. The TJR population typically represents an aged population with multiple comorbidities and sometimes limited social supports. Having multiple comorbidities has been linked to a longer LOS and higher in-hospital costs. 9 The current funding model for joint replacement in our region and others does not account for variation in patient complexity. 10, 11 Moreover, the current literature is scant with regard to risk stratification and risk reduction strategies in the TJR population. 12 The purpose of this cross-sectional study was to determine predictors for prolonged LOS to identify patient characteristics that may inform resource allocation, specific ally in terms of accounting for patient complexity.
Methods
We conducted a cross-sectional study of a consecutive series of primary TJR patients to determine patient demographic and comorbidity profiles predictive of acute LOS. The study sample comprised all patients who underwent elective primary total hip or knee surgery and attended the preoperative clinic for medical history and assessment by the anesthesiology department between Apr. 1, 2011, and Mar. 31, 2012. All surgeries were performed among 10 orthopedic surgeons at 1 high-volume academic arthroplasty centre in Ontario, Canada. Patients with an incomplete or nonretrievable preoperative anesthetic record or who underwent nonelective or revision TJR were not considered for inclusion.
Once Research Ethics Board approval was obtained, we retrieved preoperative anesthetic records from the patient medical record for all primary TJR cases performed in fiscal year 2011-12. Data abstracted included operative joint and patient demographic characteristics (i.e., sex, age and body mass index [BMI]). We further classified BMI according to the Canadian Weight Classification System, which categorizes BMI ranges associated with health risk. 13 The American Society of Anesthesiologists (ASA) classification rating of physical status, 14 as a measure of preoperative comorbidity determined by the attending anesthesiologist, was also captured. We abstracted individual preoperative comorbidities as per the following review of body systems: cardiovascular; respiratory; endocrine; neuro logic; renal; gastrointestinal; hematologic; other musculoskeletal conditions, including chronic pain syndrome; and psychiatric diagnoses and substance abuse, as assessed by the anesthesiologist at the preoperative visit approximately 2-3 weeks before surgery. Existing comorbidities were also summed to provide the number of comorbidities per system and the total number overall.
Additional variables included patient receipt of workplace safety insurance board (WSIB) benefits for associated hip/knee injury as well as the type and extent of social support and living environment postdischarge, as determined by the intake physiotherapist/occupational therapist on admission to the acute orthopedic ward. Inhospital data included acute LOS; admission to a special care unit; and discharge disposition, including discharge to a rehabilitation unit.
Statistical analysis
Statistical analysis included descriptive statistics and regression modelling. In the descriptive analysis, we summarized categorical variables as counts and proportions, whereas normally distributed continuous variables were summarized as means ± standard deviations. Where the normality assumptions were violated, we report medians and interquartile ranges (IQR). We categorized LOS as 3 or fewer days, 4 days, or 5 or more days to align results with varying LOS benchmarks. To identify predictors for LOS, we used a generalized logistic regression model fitted on an LOS ternary outcome, using an LOS of 3 or fewer days as a reference category. We systematically evalu ated 102 preoperative covariates in the model using a stepwise selection procedure (see the Appendix, available at canjsurg.ca). The selection level of entry (or retaining) in the model was set at p ≤ 0.2. We used a receiver operating characteristic (ROC) curve to assess the classification power of the model. An area under the ROC curve (AUC) equal to or exceeding a value of 0.60 was considered adequate for classifying LOS patients. We considered results to be significant at p < 0.05. Odds ratios (OR) and 95% confidence intervals (CI) for the final model are reported. Also reported are the predictive equations for LOS derived from the final logistic model. Data were analyzed using SAS software version 9.3 (SAS institute), R software version 3.0.3 (R Development Core Team) and SPSS version 20 (IBM Corp.).
Results
A total of 1541 patients who underwent elective primary unilateral TJR in fiscal year 2011-12 were identified. Of these, 82 (5.3%) patients had an incomplete or nonretrievable preoperative anesthetic record and were thus excluded from the analysis. The final study sample included 1459 patients of whom 900 (61.7%) underwent primary total knee (TKA) and 559 (38.3%) underwent primary total hip arthroplasty (THA). The study cohort comprised 57.6% female and 42.4% male patients. The median age of patients was 67 (IQR 52-82) years, with 390 (26.7%) patients aged 75 years or older. The median BMI at the time of preoperative assessment was 30.4 (IQR 22.4-38.4); 778 (53.3%) patients were classified as obese, presenting with a BMI of 30 or higher.
Preoperative demographic characteristics and medical comorbidities are outlined in Table 1 . Patients presented with a median of 3 (IQR 0-6) comorbidities; 62% of patients had an ASA classification of 3. The median acute LOS was 4 (IQR 2-6) days for TJR, and likewise for both THA and TKA. Overall, 512 (35.1%) patients had an LOS of 3 or fewer days, 431 (29.5%) had an LOS of 4 days, and 516 (35.4%) had an LOS of 5 or more days. Of the patients with an LOS of 5 or more days, 44% were aged 75 years or older.
During the hospital stay 159 (11%) patients were admitted to a special care unit (intensive care or critical care) for postoperative cardiac monitoring or management of an event; 1326 (90.9%) were discharged home or to a respite facility and 133 (9.1%) were discharged to a continuing care rehabilitation unit.
As per the stepwise procedure in the generalized logistic regression model, the following covariates were selected as predictors for LOS: sex, operative joint, age 75 years or older, ASA classification of 3 or 4, number of cardiovascular comorbidities, number of renal comorbidities, diabetes treated orally or with insulin, previous stroke or transient ischemic attack (TIA), other musculoskeletal diagnoses and current smoking status ( (Fig. 1) . The model is provided in the Appendix.
Further analysis of current smoking status revealed that it was significantly more prevalent among men than women (13.8% v. 9.3%, p = 0.009), and a significantly greater proportion of men than women had a spousal/ family caregiver at home (90% v. 79.7%, p < 0.001). While current smoking status was predictive of a shortened LOS, it was also correlated with an increased number of preoperative medical comorbidities (r = 0.174, p < 0.001). However, we could not show any statistical difference in current smoking status and admission to a special care unit between smokers and nonsmokers (15.3% v. 10.3%, p = 0.05).
discussion
Given the multitude of advancements in TJR in recent years, much of the older literature is difficult to apply to current orthopedic practice. It is well accepted that multimodal anesthesia, surgical technique and accelerated postoperative care maps have all shortened the recovery time following TJR. While patients may have previously stayed in hospital for 1-2 weeks, in 2010-11 the median LOS was 4 days for TKA and 5 days for THA in Canada. 3 Although these rates have been steady over the preceding 5 years, we have seen a recent push to a lower LOS benchmark with the advent of QBP, where our median LOS was 4 days with 35.1% of patients being discharged home within 3 or fewer days. Based on current funding formulas, the difference of 1 day in hospital may critically affect the ability of hospitals to come in under budget.
In our study, male sex was a strong predictor of an acute LOS of 3 or fewer days, as was current smoking status. We hypothesize that men may be more motivated than women to leave hospital, as our data have shown that a significantly greater proportion of men than women have a caregiver at home to assist in their recovery (90% v. 79.7%, p < 0.001). Similarly, smokers may be more motivated than nonsmokers to leave the hospital setting in order to resume smoking. The finding that smoking was predictive of a reduced LOS in our study highlights the fact that funding agencies must be aware that a reduced LOS does not necessarily equate to a healthier patient, as further analysis revealed that smoking correlated significantly with an increased number of preoperative comorbidities (r = 0.174, p < 0.001). Furthermore, smoking is known to have detrimental effects on the immune system and wound healing. 15 The literature shows that preoperative smoking cessation is associated with a relative risk reduction of 41% (95% CI 15-59, p = 0.01) for the prevention of postoperative complications. 16 In a recently published study from our institution, the readmission rate to hospital did not increase with shorter LOS, which at least in part suggests that we are not missing postdischarge complications. 17 However, as we approach the benchmark LOS of 3 or fewer days, the readmission rate will require re-evaluation with a focus on the current smoker cohort.
Advanced age (≥ 75 yr) in and of itself was an independent predictor of a prolonged LOS; 44% of this cohort had an acute LOS of 5 or more days. This is a key point of concern considering that this age group accounted for 26.7% of our sample population and 33.2% of all TJR patients in Canada in 2010-11. 3 Advanced age is associated with increased rates of medical complications and death following TJR. 18, 19 Cer-tainly these patients may have more clinically important medical comorbidities, as evidenced by the rates of ASA 3 and 4 classifications, and require special care postoperatively, but other reasons may also exist. Advanced age is also associated with poorer strength, balance and agility, vision and hearing loss, bowel and bladder retention and incontinence issues, all of which can affect safe mobilization and prolong LOS. It is recognized that THA patients generally require a longer LOS than TKA patients. 2 In our study, THA was a factor identified with an acute LOS of 4 days or more. This suggests that it may be difficult to target THA patients for discharge within 3 days, as they generally require a longer LOS than TKA patients for pain control and learning safe mobilization.
In our study, the presence of multiple pre-existing cardiac comorbidities was associated with a prolonged LOS, specifically an acute LOS of 5 days or more (OR 1.319, 95% CI 1.13-1.54). It stands to reason that these patients will require more investigations and treatment in hospital and may mobil ize at a slower rate owing to their comorbidities. Cardiac complications account for the majority of major systemic events following TJR 20, 21 and are a leading cause for readmission within 30 days of discharge, second only to surgical site infections. 17 The in-hospital prevalence of myocardial infarction following TJR is 1.8% and occurs at a mean of 3 days postoperatively. 22 This suggests that earlier discharge of patients with cardiac disease may actually be detrimental.
Pre-existing renal pathology was also predictive of an LOS of 5 days or more in our study (OR 3.24, 95% CI 1.13-9.31). Chronic kidney disease is common in adults older than 65 years, who are the fastest growing subset of patients with end-stage renal disease. 23 While studies have shown that THA and TKA can be performed safely in this patient cohort, 24, 25 close attention must be paid to mitigate the perioperative risks associated with chronic renal disease.
Diabetes affects up to 10% of patients undergoing TJR, 26 and in our study, diabetic patients treated orally and those treated with insulin had a greater likelihood of an LOS of 4 days or more. Patients with poorly controlled diabetes have been reported to be at higher risk of stroke, urinary tract infection, ileus, bleeding, wound infection and death than patients with well-controlled diabetes. 27 The American Diabetes Association recommends a target hemoglobin A1C level of less than 7%. 28 Elective TJR should ideally be delayed until good diabetic control is demonstrated; however, to our knowledge, this is not current standard practice. We did not have the ability to separate well-versus poorly controlled diabetes in the present study, but the finding of a prolonged LOS suggests that some of these patients did require more care and potentially experienced more problems while in hospital. The TJR patients with musculoskeletal conditions other than their primary arthritis diagnosis (e.g., chronic low back pain, fibromyalgia) also had a greater likelihood of an acute LOS of 5 days or more (OR 1.59, 95% CI 1.08-2.3). Certainly these conditions may impede early mobility and rehabilitation following TJR, leading to a prolonged LOS. Likewise, while not a strong predictor, a history of previous stroke or TIA was associated with an acute LOS of 4 days or more, which may be explained by associated functional deficits that may compromise early mobility and rehabilitation, ultimately delaying hospital discharge.
In a meta-analysis by Olthof and colleagues 9 that evaluated the association between comorbidity and LOS in THA patients, 9 studies with a primary outcome of LOS were identified. Of note are the varied methods for measuring comorbidity; the Charlson Comorbidity Index (CCI), ASA classification and the number of medical comorbidities are all recognized as valid tools to assess patient complexity/comorbidity. Each measure of comorbidity has its merits and pitfalls, as outlined by Olthof and colleagues. 9 It is important to note that the LOS in the studies reviewed in their meta-analysis varied from a mean of 3.9 to 13 days and may not fully reflect current orthopedic practice for TJR patients. Our study used both the number of comorbidities and the ASA classification to evaluate patient complexity. While the number of medical comorbidities in our analysis did not predict increased LOS, ASA classifications of 3 and 4, indicating severe systemic disease, were predictive of increased LOS. While it can be argued that ASA classification has shortcomings, as it does not detail specific medical conditions, it has the advantage of focusing on complexity rather than just the sheer number of comorbidities, which was clearly a factor associated with prolonged LOS in our study population.
Ng and colleagues 12 outlined a detailed review of perioperative strategies for risk stratification and risk reduction in TJR that may be effective in reducing LOS. Although many of the risk factors and medical illnesses reviewed in our study (e.g., obesity, chronic pain, lung disease, rheumatoid arthritis, sleep apnea, alcohol abuse) were not in dependently predictive of a prolonged LOS, we believe that they are in part reflected in the ASA 3 and 4 classifications, which were predictive of an acute LOS of 4 days or more, and we advocate treating these conditions before proceeding with TJR when possible.
Limitations
We acknowledge that there are occasional social circumstances that may delay discharge and affect LOS, such as family member availability for travel, but these events were not captured in our study. We note that the majority of our patient population resided locally, and a rigorous preoperative protocol to facilitate discharge planning was in place for the duration of the study.
In-hospital complications in the present study were not evaluated and certainly do contribute to prolonged LOS. Our study, however, was designed to elucidate preoperative predictors for a prolonged LOS. Future work should include evaluating in-hospital complications that could have been linked to modifiable preoperative risk factors to improve overall cost-effectiveness of patient care delivery.
conclusion Given the current culture to provide more care, albeit with fewer resources, there is a constant pressure to discharge patients quickly from hospital. Certainly, most would agree that there is a limit to how aggressively we should discharge patients, as this must be balanced against the risk of complications and readmissions to hospital. As our data have shown, not all patients presenting for TJR are "equal," and the ultimate goal should be individual patient-focused care rather than a predetermined LOS that is not achievable for all patients. The bottom line is that hospital resource planning must account for patient complexity when planning future bed management.
